Introduction {#sec1-1}
============

Amylases (E.C. 3.2.1.1.) are enzymes that degraded the internal α-1,4-O\--glycosidic bonds in the starch to give diverse products including mono sugar glucose and oligo-sugar maltose. α - Amylases are obtained from various origins like plant, animal, bacterial, actinomycetes and fungal (Zambare, 2011). On the other hand, the microbial as fungal and bacterial amylases, are used for the industrial purposes. The advantages of microbial amylases are low cost, consistency, space, less production time and the modification and optimization process are very easy (Burhan et al., 2003). Fungi belonging to Aspergillus genus and thermophilic fungal such as *Talaromyces emersonii, Thermomonospora fusca* and *Thermomyces lanuginosus* have been mostly employed for a-amylase production (Bunni et al., 1989 and Jensen, Olsen, 1992). Thermophilic amylases enzyme was produced by Thermostable Actinomycetes such as *Thermomonospora* and *Thermoactinomyces* and some type of Bacillus sp. (Ben Massoud et al., 1999). Prakash& Jaiswal, (2009), Raul et al., (2014) and Saxena et al. (2007) referred that a commercial production of thermostable and alkaline α-amylases were produced by mesophile Bacillus sp. as *Bacillus subtilis, Bacillus stearothermophilus, Bacillus licheniformis*, and *Bacillus amyloliquefaciens* which have large applications. Setyorini et al. (2006) reported that good yield of alkaline and thermotolerant amylases were produced by *Bacillus spp., Bacillus licheniformis*, and *Bacillus halodurans*. The utilization of thermostable amylases in the industrial processes have many advantages of include reduce the contamination risk and temperature control cost, increasing substrates solubility, a decreasing viscosity which increases mixing and pumping (Lin et al., 1998). The highly thermophilic amylolytic enzymes that are active at (90°C) would directly effective for industrial processes. On the other hand, the production thermophilic a- amylase will need new technique for culturing of thermophilic bacteria (Leveque et al., 2000). The composition, concentration of media and cultural conditions must be optimized to give highly product of bacterial growth and amylase (Srivastava and Baruah, 1986, Bezbaruah et al., 1994). Generally, amylolytic enzymes that starch-degrading enzyme have wide roles in biotechnological industries as food, fermentation, textile, paper, pharmaceutical and sugar industries (Lin et al., 1997, Pandey et al., 2000).

The present study aimed to isolate alkaline thermostable α-amylase bacteria then studying the composition of medium and culture conditions to optimize bacterial growth and a-amylase production

Materials and Methods {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

The media components include yeast or beef extract, starch and peptone were analytical grade obtained from Sigma Co. (St. Louis, Mo).

Microorganism {#sec2-2}
-------------

### Isolation the bacterial strain {#sec3-1}

Tested water samples were collected from Al-Ain Alhara (or Al- Khawaba), a hot spring located at Gazan, KSA. Samples were collected in sterile glass vessel that keep the temperature of the water samples constant. Fifty ml Mineral Starch Medium(MSM) was inoculated with 5 ml of water sample, then incubated at 45°C with shaking for 48 h.

An inoculum was transferred on Mineral Starch agar Medium (MSMA) agar media, incubated at 45°C for 48 h.

Media {#sec2-3}
-----

### Mineral Starch Medium (MSM) (g/l) {#sec3-2}

K~2~HPO~4~,0.5 g; KH~2~PO~4~,1g; NH~4~Cl, 1g; MgSO~4~.7H~2~O, 0.2g; Starch, 5g.

pH was adjusted to pH 8.0. 20 g/L agar was added in solid medium (MSMA).

Maintenance medium

The Bacillus subtilis was maintained on the medium containing the following composition (g/l): peptone, 10.0 g; beef extract, 10.0 g; NaCl, 5.0 g; starch, 10.0 g and agar 20 g. The slants were inoculated with *B. subtilis* and incubated at 45°C for 48 h. The slants were stored at 0-4°C in refrigerators.

Inoculum medium {#sec2-4}
---------------

The inoculum medium used for the growth of *B.subtilis* containing the following component (g/l) : beef extract, 5.0 g; peptone, 5.0 g; NaCl, 0.5 g; yeast extract, 5.0 g and starch, 1.0 g. The pH was adjusted to 7.0. The flask 250 ml containing 50 ml was inoculated with a slant of *B. subtilis* and incubated at 45°C on a rotary shaker (120 rpm) for 24h. Basal medium

The basal medium for α-amylase production contained (g/l): peptone, 10.0 g; yeast extract, 0.2 g; soluble starch, 10.0 g; NaCl, 2.0 g; MgSO~4~.7H~2~O, 0.5 g; KH~2~PO~4~, 3.0 g and CaCl~2~, 0.5 g. The pH was adjusted to 8.0. Fifty ml of basal medium were inoculated at 10% (v/v) level and incubated at 45°C on a rotary shaker for 48h. The enzyme activity was determined at different intervals times.

Optimizing the conditions for high yield of α-amylase by *B. subtilis* {#sec2-5}
----------------------------------------------------------------------

Maximum yield of the enzyme was obtained by studying the impact of media composition and its conditions. Different types of carbon sources as starch, glycogen, maltose, glucose, xylose or glycerol was used as solo carbon source at concentration 10 g/L.

Optimum starch and nitrogen concentrations {#sec2-6}
------------------------------------------

Different concentrations of starch (0- 20 g/L) and nitrogen sources (3 g/L) were added to the basal medium. This nitrogen sources used (peptone, yeast extract, beef extract, malt extract, yeast+ peptone(1.5+1.5g), beef extract +peptone, NaNO3,(NH4)~2~SO~4~, peptone+NaNO3, peptone+(NH4)2SO4).

Effect of pH and temperature {#sec2-7}
----------------------------

The basal medium was adjusted at pH range (5.5 - 9.0) and at different temperature rang (25- 70°C).

The optimum time for α -amylase production {#sec2-8}
------------------------------------------

Fermentation medium with some modification 10 g/L starch as carbon source, Peptone (3 g/L), pH was adjusted to 8.5. to study the optimum time for α -amylase production, two flasks were taken every 24h from 0 - 7 days for determination of the growth of cells, final pH, and α-amylase activity.

Analytical Methods {#sec2-9}
------------------

### Estimation of starch degradation {#sec3-3}

To monitor the rate of digestion of potato starch by *B. subtilis*, 1% potato starch granules was added to nutrient agar. The starch medium was inoculated with *B. subtilis*, the plates were incubated for 24 h at 45°C, these plates were flooded with Gram's iodine solution. A clearing zones around the bacterial colonies were indicated the amylolytic activity.

Biochemical identification of bacterial strain {#sec2-10}
----------------------------------------------

Several biochemical tests were done according Holt et al., (1994).

Phylogenetic analysis {#sec2-11}
---------------------

Analysis of genes sequences data of bacteria was done by phylogenetic method using with reference sequences homology from the NCBI database using MEGA 4 programme (Tamura et al., 2007). Phylogenetic trees were constructed by distance matrix-based cluster algorithms viz. unweighted pair group method with averages unweighted pair group method using arithmetic averages (UPGMA), neighbour-joining, maximum likelihood, and maximum-parsimony analysis as described elsewhere (Rai et al., 2010). The trees were rooted using Escherichia coli strain K 12 MG1655 (accession no. U00096) as out group. The stability of trees obtained from above cluster analysis was assessed by using BOOTSTRAP program in sets of 1000 re-samplings (MEGA 4).

Growth estimation {#sec2-12}
-----------------

Cells growth were measured spectrophotometrically at 600 nm. The blank was fermentation medium without inoculation. Absorbency converted to dry weight by using a standard curve.

Protein determination {#sec2-13}
---------------------

Protein was assayed according to the method of Bradford (1976). The bovine albumin was used as standard.

Enzyme assay {#sec2-14}
------------

The amount of reducing sugars released during starch hydrolysis by dinitrosalicylic acid (DNS) indicate the amylase activity according to (Bernfeld 1955). One unit of α-amylase is defined as the amount of enzyme releasing one mM reducing sugar equivalent of glucose per minute under the assay conditions.

Results {#sec1-3}
=======

The initial screening of *B.subtilis* strain revealed zones of hydrolysis on starch agar plates with a distinct halo around the growth ([Figure 1](#F1){ref-type="fig"}). The clearance around the culture colonies grown in starch agar media indicated that the starch has been hydrolyzed by the amylase produced by bacteria, whereas purple zone was the results of starch and iodine reaction.

![Clear Zone indicate hydrolysis of starch by *B. subtilis* grown on starch agar media after incubation at 50 °C for 24 h.](AJTCAM-14-288-g001){#F1}

Molecular characterization of these strains was achieved by DNA isolation (CTAB method, according to Doyle and Doyle, 1990) then the 16S r DNA was analyzed. Further these amplified 16S rDNA sequences of the bacterial strains was blasted using online tool (MEGA 4). The taxonomical identification was achieved by the phylogenetic tree construction and the comparison of this bacterial strain sequences with other homologous bacterial sequences.

The isolated strain was spore forming, Gram-positive, rod-shaped and aerobic. The growth temperature was in the range of 30-60 C and several biochemical tests as catalase reaction-positive, oxidase reaction positive, nitrate oxidase positive, idols negative and maltose negative in addition to phylogenetic tree based on different species of Bacillus was constructed using neighbor joining method ([Figure 2](#F2){ref-type="fig"}), indicated that strain is closely related with *Bacillus subtilis* strain.

![Identification of *B. subtilis* by using Phylogenetic tree method indicated that strain was closely related with *Bacillus subtilis* strain.](AJTCAM-14-288-g002){#F2}

Influence of carbon source on production of α-amylase, as shown in ([Figure 3](#F3){ref-type="fig"}) *B. subtilis* was able to grow in basal liquid medium supplied with different carbon sources as glycogen, starch, maltose, glucose, xylose or glycerol. Highest enzyme activity (10 U/ml) and cell growth were obtained at starch then maltose gave (08 U/ml).

![Effect of different carbon source (starch, glycogen, maltose, glucose, xylose and glycerol) on the activity of α-amylase produced by *B. subtilis* strain (U/ml)](AJTCAM-14-288-g003){#F3}

For determination of the optimum concentration of starch was performed using various starch concentrations between (0- 20g/L). Optimum starch concentration ([Figure 4](#F4){ref-type="fig"}) was found at the concentration of 0.5% where α-amylase activity was maximum (16 U/ml). On the other hand, the cells growth were increased with the increasing starch concentrations reaching its maximum at 2.17 g/l at 20 g/l([Figure 4](#F4){ref-type="fig"}).

![Effect of different concentration of starch (g/L) on the amount of α-amylase produced by *B. subtilis* strain (U/ml)](AJTCAM-14-288-g004){#F4}

To investigate the influence of nitrogen sources as mentioned in methodology section in α-amylase production by *B. subtilis*. As shown in ([Figure 5](#F5){ref-type="fig"}) the maximum bacterial growth (3.5 g/l) were observed at peptone when conjunct with ammonium sulphate. Peptone showed the highest enzyme activity (18 U/ml), while sodium nitrate alone or conjugated with peptone increased the enzyme activity slightly compared with peptone alone.

![Influence of different nitrogen sources (g/L) on the amount of α-amylase produced by *B. subtilis* strain (U/ml)](AJTCAM-14-288-g005){#F5}

This experiment was done to explore the effects of different peptone concentrations (0-10 g/l) in production of α-amylase by *B. subtilis*.

[Figure 6](#F6){ref-type="fig"} showed that, bacterial growth was increased with the increasing peptone concentrations at 10 g/l maximum bacterial growth were 1.96 g/l. The best peptone concentration for maximum α-amylase activity was 5-10 g/l.

![Influence of different concentrations of peptone on the amount of α-amylase produced by *B. subtilis* strain (U/ml)](AJTCAM-14-288-g006){#F6}

To investigate the effect of initial pH on the production of α-amylase by *B. subtilis*. Different initial pH ranged from (5.5- 9.0) were studied. The initial pH of fermentation medium pH was adjusted by 1N HCl or1N NaOH.

Final pH was changed to the values ranging from 6.1 to 8.3, this change may be attributed to the metabolic activities of *B. subtilis* during the fermentation process. As shown in ([Figure 7](#F7){ref-type="fig"}) the cell growth was maximum (1.00g/l) at initial and final pH of 9.0 Maximum enzyme(18 U/ml) was produced by *B.subtilis* at pH 8.5.

![Effect of pH range (1-9) on the amount of α-amylase produced by *B. subtilis* strain (U/ml).](AJTCAM-14-288-g007){#F7}

Different temperatures (25°C- 70°C) were tested for detecting the optimum temperature of enzyme activity. In ([Fig. 8](#F8){ref-type="fig"}) enzyme activity revealed that bacteria yielded maximum α-amylase(20 U/ml) and bacterial growth (1.3 g/l) at 45°C.

![Impact of different temperature on the amount of α-amylase produced by *B. subtilis* strain (U/ml).](AJTCAM-14-288-g008){#F8}

The maximum growth measured at 48h then the growth declined to reach the minimum level at 96, 120 and 144 h ([Figure 9](#F9){ref-type="fig"}). Maximum enzyme activity about (25 U/ml) was produced after 48 h, then further extension of fermentation period the enzyme yield was shown a gradual decrease in enzyme activity.

![Impact of different incubation periods (days) on the amount of α-amylase produced by *B. subtilis* strain (U/ml).](AJTCAM-14-288-g009){#F9}

Discussion {#sec1-4}
==========

The initial screening of *B. subtilis* strain revealed zones of hydrolysis on starch agar plates. This clear zone indicated that *B. subtilis* a-amylase can be hydrolyzed starch.

Phylogenetic tree for different species of Bacillus was indicated that strain was closely related with *B. subtilis* strain. Our results in agree with Konsoula and Liakopoulou-Kyriakides, (2007), who were produce amylase from *B. subtilis*.

Starch was the best carbon source of α-amylase production by *B. subtilis*. These results were in agreement with El-Banna et al., (2007) results who found that presence starch enhanced, α-amylase production by *B. subtilis* ; whereas other carbon tested have no effect on α-amylase synthesis. (Božić, et al., 2011 & Roy et al., 2012) found α-amylase production by different bacterial strains were increased addition starch to medium.

Optimum starch concentration was found at the concentration of 0.5% where α-amylase activity was maximum (16 U/ml). A similar result was observed by Božić, et al., (2011) who found that 0.5 % starch was suitable concentration for α-amylase production by *B. subtilis* IP 5832. In contrast, Reyed, (2007) & Fatoni, A and Zusfahair,(2012) reported that α-amylase was maximum at concentrations 5% and 10% of starch respectively.

Peptone gave the highest enzyme activity (18 U/ml), while sodium nitrate and peptone conjunction with sodium nitrate increased the enzyme activity slightly. Similar results were found by El-Banna et al., (2007) who reported that peptone was best nitrogen source for amylase production (2.7μml^-1^) from *B. subtilis*. In addition to that, Oziengbe and Onilude (2012) found that peptone gave the highest α-amylase activity when was added to the production medium.

The bacterial growth were increased with increasing peptone concentrations till 10 g/L the bacterial growth reach maximum 1.96 g/l ([Fig. 6](#F6){ref-type="fig"}). The best peptone concentration for maximum α-amylase activity were 5-10 g/L. These results were in accordance with the results of Ramachandran et al. (2004) who suggested that peptone (1%) gave an α-amylase activity in solid - state medium using coconut oil cakes as substrate. Fooladji and Sajjadian (2010) found that the addition of peptone (1 %) to mineral medium, improved growth and α-amylase activity.

Maximum enzyme production by *B. subtilis* was 18 U/ml at pH 8.5. Anupama & Jayaraman (2011) reported similar results that, at pH 8 maximum α-amylase was produced. On the other hand, Utong et al., (2006) described that at pH 6-9 range *Bacillus sphericus* was produced α-amylase. In contrast Roy et al., (2011) who reported that the optimum enzyme production from *Bacillus subtilis* strain AS-S01a was observed at pH 6.

The enzyme activity revealed that the bacteria yielded maximum α-amylase (20 U/ml) and bacterial growth (1.3 g/l) production at 45°C. Asad et al (2011) reported the same results that maximum amylase production from *Bacillus* WA21 was observed at 45°C. In addition to that, Roy et al, (2011) reported that alkaline α-amylase was produced by *Bacillus subtilis* strain AS-S01 at optimum temperature 45-55°C, this enzyme active over all tested temperatures.

Maximum cell growth and enzyme activity (25 U/ml) observed after 48 h measured. This result is in accordance with the results, Hassan and AbdKarim (2012) who found that, the highest enzyme activity of *Bacillus subtilis* were 39.9 U/g after 48 h of incubation.

Conclusion {#sec1-5}
==========

An amylase-producing bacterium was isolated from hot-spring water identified as *B subtilis*. Amylase produced from *B. subtilis* had optimum temperature 45°C and pH 8.5 in shaking media. Optimum substrate concentration was achieved at 5 g/L starch and peptone at concentration of 10g/l was more suitable as nitrogen source for optimum enzyme activity (25 U/ml).
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